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The existence of epidermal Langerhans cells, Ia-posi-
tive dermal dendritic cells, lymphocytes which can dem-
onstrate epidermitropism, and keratinocytes capable of 
secreting Interleukin-1-like molecules, each support the 
concept that skin can function as an immunologic organ. 
Such conclusions are further strengthened by the knowl-
edge that both afferent and efferent immune responses 
can take place exclusively within the skin. The purpose 
of our study was to evaluate the ability of skin to regu-
late lymphoid cell recirculation and localization prop-
erties. The use of ultraviolet radiation as an exogenous 
stimulus resulted in a pronounced redistribution of an-
tigen-presenting cells from central (spleen) to periph-
eral (skin and lymph node) lymphoid tissues as well as 
marked increase in the rate of lymphocyte entry into 
skin draining lymph nodes. This latter condition was 
due to elevations in the quantitative levels of high en-
dothelial venules present within the peripheral lymph 
nodes. The ability of epidermal keratinocytes to express 
Class II molecules is known to be associated with a 
number of skin diseases. However, the functional sig-
nificance of this phenomenon is unknown. The results 
of our studies, employing a nude mouse model, indicate 
that the expression of Class II molecules by keratino-
cytes facilitates the movement of Langerhans cell pre-
cursors into the epidermis and may also function to 
enhance lymphocyte entry into the skin. We conclude 
that nonlymphoid components resident within the skin 
can influence essential aspects of the adaptive immune 
response through the production of soluble factors (e.g., 
Interleukin-1 or through the cellular expression of Class 
II molecules). 
Investigators are beginning to appreciate that in vivo it is 
t he interplay between lymphoid cells and tissues t hat are nec-
essary to induce an antigen-specific immune response. These 
interactions extend far beyond those t hat occur between lym-
phocytes and accessory cells, which tend to form t he basis of 
the in vitro model systems. Thus, a complete understanding of 
the total immunologic process requires a compilation of not 
only the antigen stimulatory events and essential lymphoid cell 
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interactions that lead to an effective immune response, but also 
the differentiation and immunoregulatory processes which are 
functioning synergistically in vivo with various inflammatory, 
hormonal, neurologic, and other essential physiologic inputs. 
This integration of diverse systems is essential for the effective 
protection against infectious agents and transformants, and 
implies that both lymphoid and nonlymphoid elements (cellular 
and chemical mediators) are essential for the development and 
control of a given immunologic response . 
Although the immune system appears to be quite diverse, 
there is strong evidence that certain specialized types of im-
mune responses take place, and are basically restricted to 
compartmentalization within defined anatomic locations in the 
body. For example, the gut-associated lymphoid tissue (GALT) 
and bronchial-associated lymphoid tissue (BAL T) represent 
two well-described immunologic systems. Through the com-
partmentalization of their afferent and efferent mechanisms, 
both the GALT and BAL T possess enhanced functional capa-
bilities [1-3]. The evidence supporting t he anatomic compart-
mentalization of many types of immune responses is quite 
strong. This includes: the existence of defined lymphoid organ 
microcompartments, distinct B-cell and T -cell subsets, and 
restrictions imposed upon lymphoid cell recirculation potential 
to various tissues [2,4- 6]. This latter condition appears to be 
effected through site-specific receptors on lymphoid cells plus 
the presence of complementary structures associated with tis-
sue-specific vascular endothelial cell surfaces [7] . The expres-
sion of complimentary lymphoid cell-associated restricting ele-
ments serves to facilitate an enhancement of lymphoid cell 
localization to given tissue sites. These findings strongly sup-
port the concept that some of the mechanisms responsible for 
regulating the integrity of the immune system are associated 
with these so called "regional spheres of immunologic influ-
ence." 
The skin represents the largest mammalian organ system. 
This organ is remarkably complex in both structure and func-
tion . For example, the skin is known to have a direct influence 
on water retention, tacti le neurologic stimulation, thermoreg-
ulation, and the production of certain essential vitamins. Fur-
ther, this organ system has enjoyed a long history of involve-
ment with immunology, as classically taught. It is well recog-
nized that the skin provides an important protective function 
through its ability to serve as a formidable barrier (innate 
immunity) to exogenous environmental agents. Provision for a 
physical separation between the internal organ systems of the 
individual and potential insults from t he external environment 
is certainly an essential component of the overall immune 
apparatus. 
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The recent demonstrat.ion of the functional capabilities pos-
sessed by Langerhans cells (LC), the existence and pathophys-
iology of cutaneous T -cell malignancies, and the observations 
that certain types of antigen-specific immunologic responses 
can and do take place specifically within the skin, strongly 
supports the existence of a skin-associated lymphoid tissue 
(SALT) [8-11]. This compartmentalized immunologic system 
is believed to be associated with a specific cellular circuit that 
functions to faci litate and control t he immune response to 
antigens that are administered through the skin [11] . (Details 
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of the SALT circuit are discussed by Streilein elsewhere in this 
volume.) The validity of a functional SALT system assumes 
the existence of lymphoid cells that have an enhanced pro-
pensity for localization in the skin and its draining peripheral 
lymphoid tissues which is favored over other secondary lymph-
oid compartments. This same logic was employed to support 
t he concept of a functiona l GALT and BAL T system and now 
provides a means to hypothesize the existence of specific facil-
itating elements within both skin and its draining peripheral 
lymph nodes. In addition , complementary structures must also 
be associated with the lymphoid cells themselves. The expres-
sion of such determinants and products would then serve to 
provide an anatomic site specificity for the tissue localization 
of circulating lymphoid cells capable of responding to antigens 
encountered in the skin. 
To date, the majority of effort used to support the concept 
of SALT has focused on defining the properties inherent to the 
lymphoid cells themselves. The object of this review, however, 
will be to describe a number of nonlymphoid components within 
the skin and elucidate how such cell types and their products 
might serve to influence and control various immunologic as-
pects that are associated with the SALT system. 
RESIDENT CELL TYPES IN THE SKIN HAVING A 
POTENTIAL INVOLVEMENT IN THE 
\ IMMUNE SYSTEM 
For sake of convenience, we can describe the normal mam-
malian skin as having two defined areas, the dermis and the 
epidermis. Within the dermis there exists an extensive micro-
vasculature, serving both a thermoregulatory function as well 
as the conduit for passage of lymphoid cells, humoral elements 
and nutrients into the skin. Little is known about the mecha-
nisms serving to restrict and amplify the passage of lymphoid 
cells across the endothelial cell barriers of this microvasculature 
network. It has been reported that high endothelial venule-like 
structures are present within antigen-induced skin granulomas 
[12). Such structures probably serve to enhance lymphoid cell 
extravasation processes and thereby facilitate the entry of 
lymphoid cells directly into the skin [7,12) . 
A number of cellular and humoral components within the 
skin pass through the afferent lymphatic vessels to gain access 
into the circulation. These include recirculating lymphoid cells, 
plasma components, lymphoid cells which normally reside in 
the skin and so luble substances that are either directly pro-
duced by skin cells or enter the skin from the environment. 
This circulation network has teleological relevance in that it 
provides a means for direct communication between a specific 
skin site and the lymphoid cells which reside within the drain-
ing lymph nodes and systemic tissues throughout the body. The 
amplification of such an immunologic response focusing sys-
tem, however, does not preclude a possibility that some soluble 
products gain a more direct access to the circulation by passage 
directly across the dermal microvasculature. The elegant his-
torical studies of Macher and Chase [13,14], suggest that anti-
gen presentation through afferent lymphatic drainage, whether 
soluble factor or cell mediated, is necessary for the generation 
of contact hypersensitivity (CH) responses. 
The dermis also contains a number of resident cell types 
either known to be or believed to be of bone marrow origin [15-
17]. Certainly the tissue mast cell, with its array of vasoactive 
and pharmacologically active substances, must have a potential 
impact on the immunobiology of skin. In fact, numerous reports 
exist to support the concept that mast cell products are essential 
for CH responses [18,19], and the generation of certain types 
of suppressor T-cell controlled mechanisms [20). Another cell 
type which resides in the dermis of normal skin is the dermal 
dendritic cell. In mice and rats, this cell shares many of the 
phenotypic characteristics ascribed to the LC, being both Ia 
positive and dendritic [21). Evaluations made wi th human skin, 
however, have determined that the dermal dendritic cell is DR 
positive and T6 negative, unlike the human LC which expresses 
both of these phenotypic markers [22) . In contrast, the dermal 
dendritic cell may be more closely associated, phenotypically, 
with splenic dendritic cells, the interdigitating cells of lymph 
nodes, and veiled cells that are found in afferent lymphatics. 
In fact, it is quite possible that the dermal dendritic cell 
population is quite mobile, being capable of movement from 
the blood to the skin and then back to the blood by drainage 
into peripheral lymph nodes through the afferent lymphatic 
vessels. 
The epidermis has received a considerable amount of atten-
tion from immunologists since the discovery that LC possess 
both allostimulatory capacity and an ability to serve as antigen-
presenting cells [8). It has now been determined that the LC, 
which represent only 2- 5% of the total epidermal cell popula-
tion, are bone-marrow derived [15], constitutively express Class 
II molecules of the major histocompatibility complex (MHC) 
[23], and their blood borne precursors are not restricted in 
entry into t he epidermis by allogeneic differences [24). 
A second bone marrow derived cell population is also known 
to reside within the epidermis. Like LC, these cells also repre-
sent a small percentage of the total epidermal cells. These cells 
are phenotypically described as Thy-1 positive epidermal cells 
[25,26]. In spite of the fact that these cells have only been 
described to exist in the mice, a number of laboratories are 
actively investigating their possible function [16,25,26). To 
date, however, no conclusive proof exists to support any im-
munologic role for the Thy-1 positive epidermal cell population. 
By far the most prevalent cell type found in the epidermis is 
the keratinocyte. Its potential involvement in the adaptive 
immune system has only recently been suggested. This func-
tional role is predicated on two independent and biologically 
important observations. First, it has been established that 
keratinocytes can be induced to express Class II molecules 
[27] . This was originally observed to be associated with a variety 
of pathologic conditions of the skin (28-30); however, it is now 
appreciated that keratinocyte expression of Ia (mouse) or DR 
(human) antigens is not always associated with a pathologic 
process in vivo (31]. For example, these cells can be induced to 
express Class II antigens under in vitro conditions by the 
exposure of keratinocytes to gamma-interferon [32). It is quite 
possible that keratinocyte expression of Class II molecules, 
similar to the expression of Class II molecules by other epithe-
lial and endothelial cell types [33], is involved in cell-cell 
communication mechanisms. (Experimentation to support this 
concept will be presented in a following section of this com-
munication.) Second, it has also been recently determined that 
keratinocytes produce and secrete a molecule(s) that has bio-
logic properties similar to those of interleukin-1 (IL-l) (34, 
35]. Sauder eta!, using epidermal cell cultures [34], and Luger 
et al, employing the transformed keratinocyte cell line PAM 
212 (35], have concluded that keratinocytes are major producers 
of a cytokine, termed epidermal cell thymocyte-activating fac-
tor (ETAF). It is known that ETAF is biologically and physi-
ochemically similar to IL-L (Sauder has presented in this 
volume additional evidence to support the importance of this 
multifunctional cytokine.) 
Above the epidermis, and composed primarily of terminally 
differentiated and nonviable keratinocytes, is the stratum cor-
neum. While known to be extremely important for water reten-
tion and having a proposed role in the absorbtion of ultraviolet 
radiation, no reports currently exist to suggest that the stratum 
corneum plays any major role in the immunologic process. We 
have recently determined, however, that stratum corneum can 
serve as a t remendous reservoir for performed IL-l (Gahring 
and Daynes, unpublished observations). A normal saline ex-
traction of either human or murine stratum corneum yields a 
supernatant having thymocyte costimulator activity. The 
bioactive components of this supernatant have a M, of 15,000 
and isoelectric points consistent with IL-L Further, this stra-
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tum corneum-derived IL-l is capable of elevating basal body 
temperature, increasing the circulating number of neutrophils 
and stimulating t he liver production of acute phase proteins 
when injected into lipopolysaccharide nonresponsive mice. 
Whether the IL-l found in normal stratum corneum represents 
a means of disposal for excessively produced hormone, or is a 
source of performed activity with biologic relevance, awaits 
further study. It is a distinct possibility, however, that stratum 
corneum-associated IL-l could enter the skin and gain access 
to the circulation under conditions where percutaneous absorb-
tio n is enhanced or following wounding. Such a simple system 
may serve to initiate the earliest events associated with an 
inflammatory response in the skin. 
It is evident that the skin possesses a number of distinct cell 
types having the potential to either produce or respond to a 
variety of endogenous and exogenous stimuli. Such responses 
may be followed by changes in the recirculation and localization 
properties of immunologically active lymphoid cells. In the 
absence of any direct stimulation of lymphocyte proliferation, 
to result in antigen-specific clonal expansion, the generation of 
a lymphoid cell depot at a specific anatomic location and an 
enhanced potential for sequestration of normally recirculating 
lymphoid ce lls at various tissue sites, could have a significant 
impact on the immune system as a whole. In the next section 
we provide evidence to support our hypothesis that both anti-
gen-presenting ce ll (APC) and lymphocyte recirculation poten-
tial in the skin can be significantly modified by exposing 
animals to ultraviolet radiation (UVR), a known inducer of 
inflammat ion. 
THE EFFECT OF UVR-EXPOSURE ON THE 
RECIRCULATION AND LOCALIZATION PROPERTIES 
OF LYMPHOID CELLS 
Antigen-presenting CelL5 
During that past decade we have been interested in under-
standing the means by which UVR exposure alters the immu-
nologic potential of experimental animals. From these studies, 
it is clear that UVR treatment results in the induction of an 
en hanced susceptibility to the progressive growth of UVR-
induced tumors, and an altered reactivity to agents normally 
capable of inducing CH responses [36-39]. Analysis of the 
mechanisms responsible for effecting these changes, as well as 
those that are directly associated with their induction have 
contributed to the expanding literatu re in the area of photoim-
munology. 
Greene and co-workers have reported that UVR exposure of 
animals brings about a depression in immunologic responsive-
ness through the induction of a systemic APC defect [40,41). 
This conclusion was based on the observed depressed APC 
capacity of splenic adherent cells taken from UVR-exposed 
donors, compared to that found in normal animals. These 
changes in splenic APC function were concluded to be respon-
sible for the acquisition of tumor susceptibility, the depressions 
in both humoral and cellular immune responses, and the re-
duced capacity to elicit CH responses that is found in UVR-
exposed animals [40- 42]. However, the validity of such a hy-
pothesis would require that all of the secondary lymphoid 
organs display similar changes. This does not appear to be the 
case since a careful evaluation by us of the APC function within 
lymph nodes draining the site of UVR exposure has conclu-
sively demonstrated an enhanced, rather than a reduced, APC 
capacity [43] . These observations have led us to expand our 
investigations into the changes in APC and lymphocyte recir-
culation potential caused by UVR exposure in an attempt to 
define the causative mechanisms. 
Although the daily exposure of mice to UVR results in a 
marked decrease in the APC function of isolated splenic adher-
ent ce lls (40,43), this reduced activity does not appear to be due 
to increased numbers of contaminating cells entering the 
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spleen, nor to an elevation in cell types capable of secreting 
immunosuppressive prostaglandins [43]. Since the analysis of 
APC potential associated with lymph nodes that drain the sites 
of UVR exposure revealed a significant enhancement of APC 
activity, we have concluded that at least one consequence of 
UVR exposure may be the redistribution of APC cells from 
central to peripheral lymphoid compartments. Such a hypoth-
esis was further supported by our observation that surgically 
splenectomized animals failed to demonstrate any enhanced 
lymph node APC activity following UVR exposure [43] . 
It has been suggested that monocytes, macrophages, and 
possibly APC gain entrance into lymph nodes primarily 
through afferent lymphatic vessels [ 44). If true, this would 
imply that UVR exposure results in an increased rate of entry 
of these cell types into the skin. This would correlate with the 
dramatic changes that are observed to occur in the dermal 
microvasculature [45). Interestingly, LC, the major APC in the 
epidermis, are known to be functionally sensitive to the effects 
of UVR exposure [38]. We recently showed that the exposure 
of mice to a single high dose of UVR results in an immediate 
loss of epidermal APC activity [46]. However, after 3 days of 
rest, there was an observed elevation in epidermal APC activity 
in UVR-exposed skin sites [46). It is interesting to note that 
these UVR-exposed and rested animals exhibit a systemic 
suppression of CH responsiveness, a condition which is mani-
fest by a reduced capacity to elicit a CH response to skin 
reactive chemicals regardless of the site of sensitization [ 46]. 
Our finding of enhanced APC capacity in UVR-exposed skin 
sites after rest, increased APC function in the draining lymph 
nodes, and a completely normal APC activity in nonirradiated 
skin sites, argues against the conclusion that a systemic APC 
defect is responsible for the reduced capacity to elicit CH 
responses in UVR-exposed animals. 
The recent report by Cooper et a! [ 4 7], serves to provide 
added insight into the changes in APC distribution that take 
place following UVR exposure. Exposure of human volunteers 
to UVR, followed immediately by an analysis of the exposed 
epidermis for alloantigen-presenting function and phenotypic 
markers expressed by APC, determined that the epidermal cells 
were functionally depressed for APC activity and possessed a 
reduced percentage of T6/DR-positive cells (presumably LC). 
However, by allowing 3 days to pass between UVR exposure 
and assay, the investigators established that alloantigen-pre-
senting capacity had returned. This renewed APC capacity was 
mediated by a population of T6 negative, DR positive cells. 
While it is possible that the UVR-exposed LC were regaining 
their functional and phenotypic properties with rest, it is far 
more likely that these particular APC had migrated into the 
UVR-exposed epidermis from either the circulation or a pool 
of T6 negative, DR positive dendritic cells that is known to be 
present within the dermis. 
In conclusion, we would like to formulate the following 
working hypothesis concerning the relationship between skin-
associated APC and UVR exposure. It is quite possible that 
there exists a mobile and recirculating population of Ia positive 
mononuclear cells that possess APC function. At any given 
time these cells are distributed between a number of anatomic 
compartments, including the spleen, blood, specific tissue sites 
(such as the dermis), and the draining lymph nodes. Exogenous 
inflammatory stimulation of the skin by UVR appears to result 
in a time-dependent redistribution of these APC to peripheral 
compartments. The reduced APC capacity subsequently found 
in the spleen, and the enhanced APC function observed in both 
the skin and the draining lymph nodes, are all consistent with 
this hypothesis. Therefore, we would like to conclude that UVR 
exposure does not result in a systemic APC defect, but rather 
the normal consequences of an inflammatory insult appear to 
result in a defined redistribution of cells with APC potential 
from centrally located lymphoid organs to those peripheral 
sites that are directly effected by the stimulus. 
July 1985 
Lymphocytes 
A major percentage of the normal mature T lymphocytes in 
mammals are nomadic and freely move between the various 
lymphoid and nonlymphoid organs of the body. Teleologically 
this ability to recirculate somewhat freely may serve to enhance 
the surveillance function that is possessed by these clonally 
restricted cells. Under normal and unstimulated conditions, the 
vast majority of circulating lymphocytes enter lymph nodes 
directly from the blood with only a small fraction gaining access 
to these secondary lymphoid organs via the afferent lymphatic 
drainage [1]. Exceptions exist to this general rule and include 
the mesenteric lymph nodes which receive a significant amount 
of cellular input from the Peyer's patches by way of afferent 
lymphatic drainage [48]. 
The rate at which lymphocytes leave the circulation and 
ente r a given lymph node is directly related to the presence and 
composition of the high endothelial cells associated with the 
postcapillary venules [44]. It has recently been established that 
the integrity of these lymph node structures is someway con-
trolled by factors (either cells or humoral substances) which 
drain from the afferent lymphatic vessels (44]. For example, 
interruption of the afferent lymphatic vessels of rat popliteal 
lymph nodes results in the disappearance of the high endothe-
lial venules (HEY) which in turn causes an inhibition of lym-
phocyte immigration into the node [44]. Therefore, it would 
appear that a percentage of the recirculating lymphocytes t hat 
localize within any given lymph node are controlled through 
modulation of the HEY by the tissues that contribute to its 
afferent lymphatic drainage. 
We have shown that the exposure of mice to UYR results in 
a marked change in the localization properties of normal radi-
olabeled lymph node lymphocytes (45]. This is manifest by a 
2-fold increase in the percentage of injected cells recovered 
from the peripheral lymph nodes of these animals, and repre-
sents a condition which does not recover over a 6-week period 
subsequent to termination of the UYR treatments. This change 
is not due to direct lymphocyte modifications as T cells isolated 
from normal and UYR-exposed donors behave equally in lym-
phocyte recirculation experiments. 
We now appreciate that the reason responsible for this UYR-
induced change in lymphocyte recirculation potential is due to 
an increase in HEY content in the draining lymph nodes of 
UYR-exposed animals (Braaten and Daynes, unpublished ob-
servations). This was determined by serial frozen sections of 
lymph nodes taken from normal and UYR-exposed donors that 
were overlaid with viable syngeneic lymphocytes and processed 
to evaluate HEY -binding properties using a previously de-
scribed procedure [ 49]. The percentage of thionin staining 
areas, which represent the HEY, that were capable of binding 
to the overlaid viable lymphocytes was quantitated and com-
pared to the total surface area of each frozen section. Although 
the density of HEY structures in both experimental groups was 
roughly equivalent, the average volume of the lymph nodes that 
were taken from UYR-exposed donors was approximately 4X 
greater compared to those from normal animals. Further, a 
kinetic analysis has dismissed the possibility that the observed 
elevation in lymph node loca lization potential was due to an 
enhanced rate of lymphocyte entry through afferent lymphatic 
vessels . 
The skin appears to function as a transducer, converting 
exogenous inflammatory stimuli into signals which can influ-
ence HEY structures. Such changes lead to an amplification in 
the number of recirculating lymphocytes capable of localizing 
within the draining lymph nodes, and thereby increase the 
chances of a productive immune response taking place. We 
have yet to establish whether the changes observed in the HEY 
are mediated directly by products of the inflamed skin, or 
indirectly through macrophage and/or lymphocyte influences 
being manifest by cells or cell products which enter the affected 
node through afferent lymphatic vessels. 
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One known consequence of UYR exposure is an increase in 
the thickness of the epidermis, a condition which is due to a 
significant elevation in the number of keratinocytes per unit 
area of skin. We have recently demonstrated that epidermal 
cells obtained from UYR-exposed donors are fully capable of 
producing ET AF /IL-1. An increase in epidermal cell numbers 
appears to be responsible for the elevations of ET AF / IL-l 
levels following UYR exposure [50]. Support for this claim 
comes from our ability to demonstrate ETAF/ IL-1 activity in 
the plasma of UYR-exposed animals, and to the observation 
that the liver synthesis of acute phase reactants is stimulated 
following UYR treatment. Elevations in the quantity of ETAF 1 
IL-l may also have a direct effect on HEY structures, since one 
known target for this hormone is the vascular endothelial cell 
[51]. Since ETAF/IL-1 has such a diverse range of biological 
activities, it is not unreasonable to predict that any effect on 
HEY being mediated by this hormone may be effected indi-
rectly. 
THE EXPRESSION OF CLASS II MOLECULES BY 
KERATINOCYTES APPEARS TO INFLUENCE THE 
EMIGRATION OF LYMPHOID CELLS INTO 
THE SKIN 
Langerhans cells are the only cells within the epidermis that 
constitutively express Ia [52]. These bone marrow-derived cells 
play an important antigen-presenting role in initiating an im-
mune response to antigens that are introduced through the 
skin. Although many of the phenotypic and functional charac-
teristics of LC are known, the mechanisms that regulate the 
movement of LC precursors into the epidermis or the transit 
of antigen-bearing LC from the skin to draining lymph nodes 
have not been identified. 
It is now known that under certain experimental conditions 
and in association with various skin diseases, the keratinocytes 
are induced to express Ia [27-29,53] . The results of our recent 
studies in athymic (nude) mice in which the keratinocytes can 
be experimentally induced to express Ia are summarized in 
Table I. When parabioses were made between syngeneic nude 
BALB/c mice and their heterozygous littermates the kerati-
nocytes of both partners became Ia positive within 2 weeks of 
their grafting (54]. Within 10 days after their separation, Ia 
expression by the keratinocytes of the heterozygous animals 
waned; however, the expression of Ia by the keratinocytes of 
the nude partners persisted. In contrast, within the skin of 
parabioses made between nude-to-nude and heterozygote-to-
heterozygote pairs the keratinocytes remained Ia negative. The 
results of this experiment suggested that a cellular or humoral 
factor was transferred between the nude and heterozygous 
parabiosis partners that triggered the keratinocytes to express 
Ia. This conclusion was confirmed by our finding that the 
keratinocytes of nude recipients became Ia positive after the 
transfer of lymphoid cells or serum from normal , but not nude, 
donors [55]. Finally, we have reported that when syngeneic and 
allogeneic mouse or rat skin is grafted onto nude mice the 
keratinocytes within the graft are induced to express Ia [24, 
31]. This is not observed in either guinea pig or human skin 
that is grafted onto nude mice. Interestingly, in all of the 
experimental procedures described above, the induced expres-
sion of Ia by the keratinocytes was free of any observable 
pathological changes in the skin. 
In addition to the induced Ia expression by the keratinocytes 
in skin grafts (allogeneic mouse and rat) that were made to 
nude mice we also observed a marked infiltration of host LC 
into the epidermis of the grafts (Table II). In contrast, neither 
keratinocyte expression of Ia nor host LC infiltration into the 
graft occurred in guinea pig and human skin that was grafted 
onto nude mice. This suggested a possible cause-and-effect 
relationship between LC movement and keratinocyte expres-
sion of Ia. The following experiments were conducted to test 
th is possibility [56,57]. 
18s DAYNES ET AL 
TABLE I. Summary of experimentally inducible expression of fa by 
murine heratinocytes. Keratinocyte expression of Ia" 
Trea tment Nude Mice Normal Mice Reference 
Parabiosis of syngeneic pairs:" [54) 
Nude:nude NA' 
Normal:norma l NA 
Nude:normal + + 
Cell transfer:" [55] 
Syngeneic normal + 
Syngeneic nude 
Semi-syngeneic normal + NA 
Allogeneic nude NA 
Serum transfer:< [55] 
Syngeneic normal + 
Syngeneic nude 
Allogeneic normal + 
Allogeneic nude 
Xenogeneic normal + 
Xenogeneic nude 
Skin grafts:' [23, 31, 54 ) 
Synge neic normal + 
Syngeneic nude 
Allogeneic normal + NA 
Allogeneic nude + NA 
Xenogeneic riormal +' NA 
" Epidermal sheets obtained from ear skin biopsies from BALB/c 
nude or BALB/c nude heterozygous (normal mice were analyzed for l -
Adexpression by t he keratinocytes at various time intervals after the 
appropriate treatments. Data are presented as:+, keratinocyte expres-
sion of Ia was observed in a majority of the anima ls tested; or -, 
keratinocytes did not express Ia . 
"Parabioses made between various combinations of BALB/c nude 
a nd BALB/c nude heterozygous (normal) littermates. 
' NA, not applicable due to inability to perform experiment because 
of immunologic incompatibility, or t he experiment did not include a 
particular group of animals. 
d Cell transfers were made with approximately 107-nucleated bone 
marrow, spleen, or lymph node cells obtained from syngeneic BALB/c 
nude, syngeneic BALB/c normal, semi -syngeneic (C3H X BALB/c)F1 
hybrid, or allogeneic C3H nude donors. 
' Recipient mice received an i.v. injection of 0.1 ml of pooled serum 
from: syngeneic BALB/c, allogeneic C3H, or xenogeneic donors. Xen-
ogeneic sera tested included: serum from normal ra t, guinea pig, rabbit, 
bovine, and human donors; and serum from nude rats. 
r Keratinocytes within t he various skin grafts were ana lyzed for Ia 
expression. Skin for gra fting onto BALB/c nude and normal hosts were 
obtained from: syngeneic, allogeneic and xenogeneic (rat, guinea pig, 
and human) donors. 
• Although the keratinocytes within rat skin became Ia positive when 
grafted onto BALB/c nude mice, the keratinocytes remained Ia nega-
tive in simila r grafts made with guinea pig and huma n skin. 
Our experimental approach was, in part, based on the work 
of Katz et al, who, in establishing the bone marrow origin of 
LC, showed that the skin of (AxB)F, into A radiation-induced 
bone marrow chimeric mice became almost completely repo-
pulated with donor LC by 80 days after reconstitution [15]. To 
evaluate the relationship between keratinocyte expression of Ia 
and LC movement into the epidermis adoptive transfers of 
lymphoid cells (spleen, lym ph node, and bone marrow) obtained 
from either normal semi-syngeneic or allogeneic nude donors 
were made into nude mice. Monoclonal antibodies t hat distin-
guish between donor and host I-A chain haplotypes were used 
in an indirect immunoperoxidase assay [24,31] to determine 
the movement of donor LC and the expression of Ia by t he 
keratinocytes within t he epidermis of the adoptive transfer 
recipients. 
Skin biopsies taken from BALB/c nude mice 1- 4 weeks after 
an adoptive t ransfer of either spleen or lymph node cells from 
normal semi-syngeneic C3CF1 donors (C3H x BALB/c hybrid 
mice) and analyzed for donor and host !a-positive cells indi-
cated that the host's keratinocytes were induced to express Ia 
and that !a-positive dendritic cells of donor origin, presumably 
Vol. 85, No. 1 Supplement 
LC, had infiltrated the epidermis (Table II). A similar, although 
delayed, pattern of keratinocyte expression of Ia and infiltra-
tion of donor LC was first observed at 8 weeks after the transfer 
of C3CF1 bone marrow cells. In contrast, neither kerat inocyte 
expression of Ia nor donor LC infiltration was observed in the 
epidermis of BALB/c nude mice that received an adoptive 
transfer of spleen and bone marrow cells from allogeneic C3H 
nude donors. 
The following experiment was conducted to determine 
whether LC precursors from allogeneic C3H nude donors would 
infiltrate the epidermis of BALB/c nude hosts whose kerati-
nocytes were induced to express Ia by the transfer of normal 
mouse serum (NMS). In animals that received the simultaneous 
transfer of NMS and lymphoid cells from allogeneic C3H nude 
donors a rapid infiltration of donor LC into the host's epidermis 
was observed (Table II). The serum-induced induction of !a-
positive keratinocytes also accelerated the movement of bone 
marrow-derived LC into the epidermis. We conclude from these 
studies that: (1) LC precursors residing in the spleen and lymph 
nodes of normal semi-syngeneic donors are capable of more 
rapid movement into the epidermis of nude recipients than 
those derived from bone marrow; (2) the facilitated movement 
of these LC appears to be related to the ability of the lymphoid 
cells within the spleen and lymph nodes of the semi-syngeneic 
donors to induce the keratinocytes of the nude host to express 
Ia; (3) the delayed movement of LC precursors from C3CF1 
bone marrow into the epidermis of BALB/c nude recipients 
may reflect the initial inability of these cells to induce keratin -
ocyte expression of Ia, a functional capacity that develops with 
maturation of donor lymphoid cells within the host; (4) due to 
the inability of the lymphoid cells from allogeneic nude donors 
to induce Ia expression by the recipient's keratinocytes, donor 
LC infiltration into the host's epidermis was not facilitated; 
and (5) when the appropriate signal(s) is provided to facilitate 
their entry, LC precursors in the bone marrow, spleen, and 
lymph nodes are equally capable of migrating into the epider-
mis. 
In addition to the ability of !a-positive keratinocytes to direct 
the movement of LC precursors into the epidermis we have 
also found that lymphocyte movement into the skin can be 
enhanced when the keratinocytes are induced to express Ia 
[56]. For these experiments contact sensitivity responses were 
evaluated in nude mice that received an adoptive transfer of 
lymphoid cells from oxazolone-primed syngeneic donors. The 
intensity of the contact sensitivity response at 24 h, measured 
by ear swelling in the nude mouse recipients, was found to be 
much greater in those animals whose kerat inocytes were in-
duced to express Ia, by a prior injection of NMS, than t hat 
observed in the untreated recipients whose keratinocytes were 
Ia negative at t he time of challenge (Table III) . 
The results of these studies provide compelling evidence that 
keratinocytes, through their expression of Ia, influence the 
movement of LC precursors into the epidermis and antigen-
primed lymphocytes into the skin. These data also lend support 
to other clinical and experimental observations which suggest 
that Ia expression by epithelial cells represents a general proc-
ess whereby circulating lymphoid cells are directed to localize 
within selected tissues. Examples of this relationship include: 
the observations made in various skin diseases that are asso-
ciated with cellular infiltrates [27-29,53]'; the apparent directed 
movement of lgA secreting plasma cells into the submucosal 
tissue of the lactating mammary glands of mice, in which 
progesterone-induced expression of Ia by the epithelial cells 
occurs [58,59]; and the enhanced cellular infiltration into mel-
anomas which express Ia [60] . 
It may be possible to extend the interpretation of our obser-
vations to address potential mechanisms by which photother-
apy derives clinical benefits to patients suffering various types 
of skin diseases. Psoriasis, lichen planus, mycosis fungoides, 
and graft-versus-host disease, each represent clinical conditions 
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TABLE II. Summary of experiments suggesting a cause-and-effect relationship between keratinocyte expression of fa and the facilitated movement 
of LC into the epidermis 
Treatment )a-positive keratinocytes• LC infil tration• Reference 
[31] Skin grafts: ' 
Allogeneic 
Xenogeneic rat 










Combined t ransfers:" 
+ (recipient keratinocytes) +(donor LC) 
[57] 
Allogeneic nude cells + normal syngeneic 
mouse serum 
+ (recipient keratinocytes) +(donor LC) 
a Epidermal sheets obtained from grafted or recipient skin were analyzed for keratinocyte expression of Ia using the appropriate species or 
haplotype-specific monoclonal antibodies. Data are presented as: +, keratinocyte expression of Ia was observed in a majority of the grafts or 
animals; or-, keratinocytes did not express Ia. 
b Epidermal sheets obtained from grafted or recipient skin were analyzed for the presence of either host or donor LC respectively. The 
appropriate species or haplotype-specific monoclonal antibodies were used to identify these cells. !a-positive host or donor cells were judged to 
be LC by their dendritic cell morphology, location in the epidermis, and expression of Class II molecules. Data are presented as: +, Ia positive 
host or donor LC were observed in the epidermis of a majority of the grafts or recipients; or - , t hese cells were not present. 
' Skin grafts obtained from: allogeneic C3H normal, C3H nude or C3H.SW mice, as well as xenogeneic rat, guinea pig and human donors, 
were grafted onto BALB/c nude mice. Ia expression by the graft keratinocytes and infiltration of BALB/c host LC into the grafts was analyzed. 
d Cell transfers in to BALB/c nude recipients were made with approximately 10 nucleated spleen, lymph node, or bone marrow cells obtained 
from normal, semi-syngeneic (C3H x BALB/c)F hybrid or allogeneic C3H nude donors. Ia expression by the recipient's keratinocytes and 
infiltration of donor LC into the epidermis were analyzed. 
' Cell transfers into BALB/c nude recipients were made with spleen , lymph node, or bone marrow cells from allogeneic C3H nude donors. 
Cells for t ransfer were suspended in normal syngeneic mouse serum. 
TABLE Ill. Enhancement of an. adoptively transferred contact 
sensitivity response in nude mice with Ia-pos1:tive keratinocytes 




(!a-negative keratinocytes) + + 
BALB/c nude 
(la-positive keratinocytes) + +++ 
a Syngeneic BALB/c heterozygous mice (normal), untreated BALB/ 
c nude mice (Ia negative), and BALB/c nude mice injected with NMS 
7 days before initiation of the experiment {Ia-positive) , received an 
adoptive transfer of oxazolone-primed lymph node cells. 
b 5 x 10 lymph node cells from oxazolone-primed BALB/c hetero-
zygous mice were t ransferred into syngeneic recipients 4 days after the 
second of 2 consecutive daily sensitizations with a 5% oxazalone 
solution ( +) (5 Ill ears and feet, 25 Ill belly). Animals that did not 
receive any adoptive transfer of cells served as the contact sensitivity 
controls(-). 
<Immediately following the adoptive t ransfers, the right ears of a ll 
of the animals were challenged with 5 Ill of a 1% oxazolone solution. 
Twenty-four h afte r the challenge both ears were measured with an 
engineer's calipers and units of ea r swelling were calculated as the 
difference in ear t hickness of the challenged ear versus that of the 
unchallenged ear. Data is presented as the relative amount of ear 
swelling ( +) compared to the normal control. 
which associate with the expression of C lass II molecules by 
epidermal and dermal cell types within the skin [27-30,53]. 
Mononuclear lymphoid cell infil trate is a lso found to associate 
with each of t hese skin conditions. Due to our findings of a 
possible cause-effect relationship between Ia expression by 
keratinocytes and t he localization potential of certain lymphoid 
cells types in t he skin we hypothesized t hat UVR may mediate 
one of its beneficial effects through its abi li ty to inhibi t Ia 
expression by epidermal and possibly vascular endothelia l cells. 
This could result in a depression of t he mononuclear cell 
localization enhancing potential, that is facilitated by t hese 
molecules, resulting in reversal of t he skin pathology. Support 
for such a hypothesis is not without precedent as it is well 
recognized that Ia expression by epidermal LC is quite sensitive 
to the effects of this physical agent [38,46] . 
Preliminary resu lts indicate that nude mice, being induced 
to express keratinocyte Ia by the injection of normal mouse 
serum, fa il to express t hese molecules if exposed to the effects 
of UVR (Gilhar et a l, unpublished observations). These obser-
vations are consistent with our hypothesis that Ia expression 
by cells within the skin (endothelium and epithelium) might 
be central or at least function as the initiator of subsequent 
molecular or cellular events that regulate t he trafficking of 
recirculating lymphoid cells to the skin. Phototherapy may 
exert part of its beneficial effect by interrupting this chain of 
even ts. 
In summary, t he object of this exercise was to provide evi-
dence that the nonlymphoid components within t he skin can 
exert a controlling influence on the recirculation and localiza-
tion properties of lymphoid cells. The elaboration of soluble 
products (vasoactive amines, prostaglandins, ETAF / IL-1, etc.), 
the faci li tation of extravasation processes across microvascular 
endothelium, or the induction of class II molecules by nonlym-
phoid cells within the skin, may each play important roles in 
t his process. We feel t hat t he integration of t hese general, and 
antigen-independent mechanisms, into our understanding of 
the SALT system provides an additional means for the ampli-
fication and suppression of immunologically specific events. 
Such observations provide circumstantial evidence in favor of 
the concept t hat mechanisms which influence t he tissue distri-
bution of lymphoid cells may play an integral role in the 
regulation of immune responses. 
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